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@ Process and composition for the manufacturing of wet strengtliened paper. 



® A process for making wet strengthened paper comprises (1) treating an aqueous suspension of papermaking 
fibers with a composition comprising (a) a cationic polymer that cures at a neutral pH and is capable by itself of 
conferring wet strength to paper, the resin having a multiplicity of 3-hydroxyazetidinium ion groups along the 
polymer chain, and (b) a water-soluble carboxyalkylated polyamine polymer or a carboxylic acid salt thereof. 
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This invention relates to a wet strength composition containing a cationic resin curing at a neutral pH 
and having a nr^ultiplicity of 3-hydroxyazetidinium ion groups, and use of the composition for the manufac- 
ture of paper having permanent wet strength. 

Paper that has not been treated to increase its strength disintegrates readily on immersion in water, 

5 largely because the hydrogen bonds acting between paper fibers in the dry state are destroyed. It is well 
known that treatment by certain polymers can confer wet strength properties to paper. The wet strengthen- 
ing effect can be only temporary, i.e., the disintegration of paper may be delayed on immersion in water, or 
the strengthening effect can be pennnanent. If the wet strengthening effect is permanent, the paper retains 
perhaps 15% or more of its tensile strength on lengthy immersion in water compared to its tensile strength 

10 in the dry or near dry state. 

The wet strengthening of paper is to be distinguished from such known processes as the sizing or 
waterproofing of paper that reduce the rate of, or eliminate, respectively, the absorption of water by paper 
fibers. Many of the industrial and domestic uses of wet strengthened paper require high levels of paper wet 
strength together with rapid rates of water absorption, e.g., in paper tissue and toweling. 

75 Known polymers capable of producing permanent wet strength in paper include formaldehyde-based 
resins such as urea- and melamine-formaldehyde resins, and the 3-hydroxyazetidinium ion-containing 
resins. The latter, collectively referred to in this specification as Type I polymers, are particularly useful for 
making permanently wet strengthened paper for several reasons: they confer relatively high levels of wet 
strength based on a given dry mass ratio of resin to paper fiber, they do not Impart an undesirable rough 

20 feel to the resulting paper, and they confer paper wet strength that is relatively permanent on treatment with 
aqueous solutions of low pH. 

These Type I polymers can be classified into two main classes, A and B, depending on the nature of 
the precursors from which they are made. Class A polymer precursors are polyalkylene polyamines. Class 
B polymer precursors are a further class of polyamines, the polyamldoamlnes. Both Class A and Class B 

25 polymer precursors are reacted with an epihalohydrin to produce the Type 1 polymers. 

While Type I polymers are effective by themselves for imparting wet strength to paper, they possess 
certain shortcomings in relation to performance and utility. In particular, the wet strength as measured by 
the paper wet tensile strength is inadequate for some purposes. Previous attempts to address this and other 
shortcomings have met with some success. In particular, the joint use of Type I polymers with sodium 

30 carboxymethylcellulose, as described in U.S.P. 5,316,623, is known to promote the wet and dry strength of 
paper compared to the use of a Type I wet strength resin alone. 

In practice, however, the use of sodium carboxymethylcellulose has met with resistance from commer- 
cial papermakers because of its high viscosity in aqueous solution, e.g., aqueous solutions of 2% by weight 
have viscosities in excess of 1000 mPa.s (milliPascaLseconds) Dilute solutions having a viscosity of 1000 

35 mPa.s and above are expensive to transport, based on the active ingredient content of the solution, and 
difficult to pump. An obvious alternative, the transport of solid grades or dispersed grades, requires the end 
user to dissolve and make solutions of the required concentration of sodium carboxymethylcellulose, which 
Is time, energy and labor intensive. Moreover, the Increased viscosity imparted by such a polymer results in 
a slower rate of drainage of the fiber slurry during papermaking and a slower rate of paper manufacture. 

40 Another factor that adversely affects the use of sodium carboxymethylcellulose to promote the 
performance of Type I resins, is the quite different chemical plant and chemical starting materials required 
to manufacture the two types of polymers. 

A further factor that adversely affects the use of sodium carlwxymethylcellulose to promote the 
performance of Type 1 wet strength resins is that quite dilute aqueous blends of the two polymers have 

45 been found to Increase in viscosity, probably through polymer network formation and/or polyelectrolyte 
complex formation. This practically precludes the formulation of a single solution blend of a Type I polymer 
and sodium carboxymethylcellulose. 

There is therefore a need for a polymer that can provide the following advantages: 

• Enhancing the wet strength properties of Type I polymers by providing a polymer that possesses a 
50 viscosity of less than 1000 mPa.s at a polymer solids concentration of at least 10% at a temperature 

of 25'C. 

• Enhancing wet strength properties with the potential capability of sharing common starting materials, 
intermediates, manufacturing plant, and process steps. 

• The capability, in a polymer that has carboxyl groups, of forming more stable aqueous solution blends 
55 with a Type 1 polymer than does sodium carboxymethylcellulose. 

The composition of this invention for making wet strengthened paper comprises (1) a cationic polymer 
that cures, at a neutral pH and is capable by itself of conferring wet strength to paper, the resin having a 
multiplicity of 3-hydroxyazetidinium ion groups along the polymer chain, and (2) a water-soluble polyamine 
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polymer comprising tertiary amine groups substituted with a carboxyalkyi group, or a carboxylic acid salt 
thereof, within recurring units along the polymer chain. 

Preferably the tertiary amine groups have the following formula: 

5 

-CH2-CH2-N-CH2-CH,- 

I 

CH-R 

I 

'0 (CH2)X 

COOH 

75 or a carboxylic acid salt thereof, where R is selected from the group consisting of H. methyl, and ethyl, and 
X is 0 or the Integer 1 . 

Also according to the invention, wet strengthened paper is made by (1) treating an aqueous suspension 
of papermaking fibers with the composition described above, (2) forming a wet layer of the resulting slurry, 
and (3) drying the resulting layer at an elevated temperature to give a wet strengthened paper. 
20 In this specification, polymer (1) is designated as a Type I polymer, and polymer (2) is designated as a 
Type It polymer. 

Among the advantages of the process according to the invention, compared to prior processes, are (1) 
higher levels of wet strength for a given addition level of Type I polymer when used in conjunction with a 
Type 11 polymer, (2) use of a common polymeric starting material to make Type I and Type II polymers, 
25 and (3) the availability of carboxyl group-containing polymer solutions of a given concentration that have a 
lower viscosity in aqueous solution than carboxyl group-containing polymers such as sodium carbox- 
ymethylcellulose. 

Polymer (1) of the composition of this Invention that is used to impart permanent wet strength to paper 
is designated as a Type I polymer and can be classified Into two main classes. A and B, depending on the 
30 nature of the precursor from which it is made. Class A polymer precursors are polyalkylene polyamines of 
the following general formula: 

H2N((CH2)„,NH)n(CH2)mNH2 (I) 

35 where n is an integer from 1 to 6 and m is an integer from 2 to 8. Preferred examples of this type of amine 
are diethylenetriamine, where n Is 1 and m is 2, and dihexamethylenetriamlne where n is 1 and m is 6. 

Class B polymer precursors are a further class of polyamines, the poiyamidoamines. which can be 
prepared by known methods such as those described in UK Patent 865.727; European Patent 469,891 , and 
U.S. Patents 2,926,154; 3,891,589, and 5.171,795. Examples of commercial products made by processes 
40 disclosed in these patents are available from Hercules Incorporated, Wilmington. DE, U.S.A., as KYMENE® 
557 wet strength resin, KYMENE® SLX wet strength resin, and Polymer 567. 

One particularly useful route to such poiyamidoamines is the polycondensation of a polyalkylene 
polyamine having the formula (I) with an aliphatic dicarboxylic acid having the general formula: 

45 H00C(CH2)yC00H (II) 

where y is an integer from 3 to 5. Particularly preferred Class B polymer precursors are those obtained by 
reacting diethylenetriamine and adipic acid (y = 4). 

The patents cited above describe polyamidoamine synthesis in greater detail. Typically, approximately 
50 equimolar quantities of polyalkylene polyamine and dicarboxylic acid are mixed, and salt formation occurs 
with the evolution of heat. The reaction mixture is then stirred and heated to a temperature of 150* to 
210*C. The course of the polycondensation can be followed by collecting and measuring the amount of 
water evolved and the rate at which the water is evolved from the reaction mixture. The polyamidoamine 
product obtained has recurring polymer units of the following general formula: 

55 

-{NH((CH2)mNH)n(CH2)„,NHCO(CH2)yCO}- (III) 

Half-reacted polyalkylene polyamine or dicarboxylic acid groups form the end groups of the predomi- 



3 



10 



15 



EP 0 662 542 A1 

nantly linear polymer that is produced. The average molecular weight of the polymer is influenced by the 
mole ratio of the dicarboxylic acid to the polyalkylene polyamlne, the reaction temperature and duration, 
and the completeness with which water Is removed from the reaction mixture. 

The Class A and B polymer precursors do not have significant wet strengthening properties. Such 
properties are conferred by reaction in an aqueous medium of the secondary amine groups of the Class A 
and Class B polymer precursors with an epihalohydrin to give 3-hydroxyazetidinium ion-beanng polymers in 
accordance with the following reaction sequence: 

O 

/ \ 

-CH,-CH2-NH-CH,-CH2 - + CHj-CH-CHj-X 

^ ^ i (IV) 

+ 

-CH2-CHJ-N-CH2-CH2- -CH2-CH2-N-CH2-CH2- 



\ / X CH2-CH ( OH ) -CHj-X 

CH(OH) 



20 where X Is halogen. Epichlorohydrln. where X is CI. is the preferred epihalohydnn. 

Other reactions of epihalohydrin with the Class A and B polymer precursors also take place in parallel 
with the formation of 3-hydroxyazetidinium ions. These reactions have a bearing on the properties of the 
polymer product. They include reaction of terminal primary amine groups in the case of the polyalkylene 
polyamines. and both terminal primary amine and terminal carboxylic acid groups in the case of the 
25 polyamidoamines. These reactions can lead to extended polymer chains. 

Crosslinking can also occur through the reaction of some 3-hydroxyazetidinium ion and glycidylamine 
qroups with, for example, basic and nucleophilic groups on neighboring polymer chains. Such reactions 
cause an increase in the polymer molecular weight, which can be monitored by measuring the concomitant 
viscosity increase of the reaction mixture. If permitted to proceed too far. however, the polymer may 
30 became a useless gel through network formation. This is prevented by terminating the reaction at a 
predetermined viscosity through the addition of, for example, mineral acid, such as sulfuric, phosphonc. or 
nitric acid. The acid causes protonatlon of nucleophilic and basic sites on the polymer chains. Diluton of 
the resin with water also assists in stabilizing the resulting resin solution. 

For prolonged storage, sufficient acid and water are added to reach a pH and concentration consistent 
35 with a stable or slowly decreasing polymer viscosity. , d » . 

Synthesis of S-hydroxyazetidinium ion-bearing polymers Is described in more detail in UK Patent 
865.727; U.S.P. 2.926.1 54; U.S.P. 3,891 .589 and U.S.P. 3.31 1 .594. 

It will be apparent to those skilled in the art that the ratio of terminal primary amine groups to recun-ing 
polymer units will be greater for a Class A polymer precursor, a polyalkylene polyamlne. than for a Class B 
40 Dolymer precursor, a polyamidoamine. A lesser proportion of the epihalohydrin will therefore be involved in 
reactions with terminal primary amine groups in the case of the Class B polymer precursors, the 
polyamidoamines. For this reason Class B polymer precursors are preferred for making Type I polymers. 

The compositions of this invention for imparting wet strength to paper comprise a mixture of a Type I 
polymer as described above and a water soluble carboxyalkylated polyamlne polymer comprising tertiary 
46 amine groups substituted with a carboxyalkyi group, or a carboxylic acid salt thereof, that is designated as a 
Type II polymer. Preferably the tertiary amine groups within recurring units along the polymer chain have 
the formula: 



50 -CH2-CH2-N-CH2-CH2- 

CHR (V) 



(CHj), 

55 I 

COOH 
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where R is selected from the group consisting of H, methyl, and ethyl, and x is 0 or the integer 1 , or a 
carboxylic acid salt thereof. 

In aqueous solution, polymers possessing the Type II polymer linkage will ionize to give a carboxylic 
acid anion. Such polymers can also be partly or fully neutralized to give an aqueous solution of a metal 
5 cation or ammonium salt. Metal cations with multiple charges, such as Al^'*' or Fe^^, can also be employed 
for the neutralization, and these can confer crosslinks within an aqueous solution of the polymer, which can 
be useful in some cases. 

Type II polymers are prepared by reacting a polyamtne polymer, preferably a polyalkylene polyamine 
or polyamidoamine polymer, with a compound that introduces a carboxylic acid group at the secondary 
70 amine group of the polyamine. The same precursors that are used to prepare Type I polymers can be used 
in the synthesis of Type II polymers. Polyalkene polyamines having the fomnula (I) that have n between 3 
and 6 inclusive, and all of the polyamidoamines described above can be used. The polyamidoamines are 
the preferred materials. The synthesis of type II polymers is described, for example, in U.S.P. 4,166.002 
and 3.932,363. 

75 The most preferred intermediates for the preparation of Type II polymers are polyamidoamines that 
have been modified by chain extension and light crosslinking. This is accomplished by treating the 
polyamidoamine with a less than stoichiometric amount of an epihalohydrin, based on the content of 
secondary amine groups present in the polyamidoamine. A typical range is between about 0.02:1 and about 
0.25:1 . The reaction can be carried out In aqueous solution with heating, and the course of the reaction can 

20 be followed by measuring and monitoring the reaction mixture viscosity increase. A particularly desirable 
outcome is reaching an optimum and stable viscosity, after which little or no further increase is obtained on 
further heating. 

To introduce the carboxyl group Into the polyamine, two alternative synthetic methods are useful. The 
preferred method involves the aikylation of the secondary amine groups of the polyamine with an a- or 0- 
25 haloaliphatic carboxylic acid having the formula 

RCHX-(CH2)x-C00H. or a salt thereof. (VI) 

in which R is H, methyl or ethyl; X Is CI. Br. or I, and x is 0 or the integer 1. The reaction is carried out in 
30 aqueous solution and is exemplified by the following aikylation reaction with sodium chloroacetate: 

-CH2-CH2-NH-CH2-CH2- + NaOj-CCHj-Cl 

-CH2-CH2-N-CH2-CH2- ( VII ) 

I 

CH2-C00Na 



35 



The second method involves the reaction of an ethylenically unsaturated carboxylic acid, such as 
40 acrylic acid, with polyamine secondary amine groups as set out below: 

-CH2-CH2-NH-CH2-CH2- + HOOC-CH=CH2 

^ ~CH2~CH2~N~CH2~CH2* 

I (VIII) 
CHj-CHj-COOH 



50 For the synthesis of Type II polymers it is important that the carboxylic acid reactant should 
substantially react before the termination of the reaction. The concentrations of residual starting materials 
can be determined in the course of the reaction and in the tinal product using analytical methods such as 
gas-liquid chromatography. 

After the reaction, the Type 11 polymer product can be diluted with water to adjust the product to the 

66 desired concentration or viscosity. Preferred products have viscosities of 1000 mPa.s or less at a polymer 
solids concentration of at least about 10%, preferably at least about 20%, and most preferably at least 
about 30% by weight at a temperature of 25 * C. 
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be between 1:0.1 and 1:2. . . j removed from the layer by 

,0 The slurry of treated fibers is then formed mto a wet 'ay^^^^^^^^^ J^^'eTTet st^ngther,ed paper. Heating 
known methods, preferably suction •'nj«^J'"«!;°" 'T* i^IurtheMncrease in paper wet strength 
rrirerrdr.ter|^ rraK:yir;.cula.y . an elevated temperature. 

t5 Preparation 1 

This example describes the synthesis of a chain extended and .igh«y crosslinKed poiyamidoamine as a 

precursor to a Type II polymer poiyamidoamine (1500 g) was stirred in a round- 

An aqueous solution containing 50^ /» ^^'^J* ^^.^ poiyamidoamine. designated as Polymer 

25 Preparation 2 

^ ^ Tilt ^tSL^SL. pSil * in (-00 

chloroacetate conversion of 92.8%. 



35 



Preparation 3 



40 



*u V. o Tx/nA II oolvmer from Polymer 567, a poiyamidoamine 
This example describes the synthesis of a TfP^, ^^'^^^^^^ temperature is used than in 

available from Hercules Incorporated. Wilmington. DE. U.S.A. A higher reaction temp 

Preparation 2. thoi tha rAartion mixture was maintained at 70 • C 

a chloroacetate conversion of 98.6%. 



45 Preparation 4 



50 



55 



and the reaction mixture was maintained at 70 C fori m2Q)in water (100 g) was then 

lightly crosslinked poiyamidoamine. A solution of «°^'".'^jj'7!'%'^^^^^^ hours. The product on 
a?ded with stirring and the resulting mbrture v^^^^^ C 2^ ^ ...^^ 3 
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Preparation 5 

This example describes the synthesis of a Type II polymer from a chain extended and more heavily 
crosslinked polyamldoamine made in situ from Polymer 567, a polyamldoamine available from Hercules 
5 Incorporated. Wilmington, DE, U.S.A. 

A 50% by weight aqueous solution of Polymer 567 (500 g) was placed in a round bottomed flask and 
heated with stirring to 70*C. Epichlorohydrin (3 g) was added all at once and the reaction mixture was 
maintained at 70 * C until the point at which no further increase in the reaction mixture viscosity occunred. A 
chain extended and slightly more heavily crosslinked polyamldoamine was produced than was made in 
10 Preparation 4. A solution of sodium chloroacetate (70.2 g) in water (100 g) was then added with stirring and 
the resulting mixture was maintained at 70 *C for 3 hours. The product on cooling was found to have a 
Brookfield viscosity of 3370 mPa.s (No. 1 spindle and 1.5 rpm at 25*0), and a chloride ion concentration of 
3.11%. indicating a combined organochlorine conversion of 93%. 

75 Example 1 

A normal papermaking stock was prepared consisting of bleached and beaten birch and pine fibers. 

The stock was divided into fractions, the first of which contained no wet strengthening agent. The other 
fractions, numbered 2-6, contained the wet strengthening agents listed in Table 1. Type I polymer 
20 KYMENE® 557H wet Strength resin, available from Hercules Incorporated, Wilmington, DE, U.S.A., is an 
epichlorohydrln-modified polyamldoamine made from adipic acid and diethylenetriamine. CMC 129 is a 
commercial grade of sodium carboxymethylcellulose available from Aqualon France B.V., Alizay, France. 

The untreated stock and treated stock fractions were made Into hand sheets using standard laboratory 
equipment. After drying, the treated and untreated sheets were conditioned for one week at 23 * C, and then 
25 cut and tested for tensile strength In the dry and wet state after immersing in water for two hours. 

The tensile strength results for the treated sheets are expressed in two ways: as a percentage of the 
result for the control (the handsheets made using the Type 1 resin alone), and each wet tensile result was 
Individually presented as a percentage of the dry tensile result for each specimen. The second method 
provides some correction for any sample to sample paper variations. The test results are given in Table 1. 
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TABLE 1 



10 



15 



20 



25 



30 



Sample 
No. 


Wet Strengthening 
Composition and Dry | 
Basis Addition Levels [ 


Dry Strength 
;Newtons/25 mm sample width) i 


1 1 |l 


Mone 1 


2.72 1 


^ 1 


0.5% KYMENE® 
557H (Type 1) 
(Control) _[ 


2.96 


3 


0.5% KYMENE® 
557H (Type 1) 
|0.25% Product of 
[preparation 2 (Type II) | 


3.28 




|o.5% KYMENE® 

p.25% Product of 
Preparation 4 (Type 11) 


l82 


1 ^ 


0.5% KYMENE® 
557H (Type 1) 
0.25 % Product of 
Preparation 5 (Type II) 


3.57 


6 


lo.5% KYMENE® 
557H (Type 1) 
p.25% CMC 129 


1 3^88 



Wet Strength 



40 



None 



WeVDry 
Strength 
I (Percent) 

0.0 



0.53(100) 



17.9 



0.70(132.1) 



21.3 



0.85(160.4) 



22.3 



0.81(152.8) 



22.7 



0.79(149.1) 



20.4 



The resu«s show the significant improvement in dry and wet strength properties using a combination of 
TypirjidTpeTpolymer; compared with the use of a Type I polymer alone. 
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Claims 

A compos... c.p.s«9 0) a o^c '^Z:-'^':^'7^T^^''SS!^ 
polymer chain. 

The composition of claim 1. wherein the tertiary amine groups have the formula: 



45 



50 



-CH,-CH2-N-CH2-CH2- 



CH-R 

! 



COOH 



ir, which R is selected from the group consisting of H. methyl and ethyl and . is 0 or the integer 1 . or a 
carboxylic acid salt thereof. 
3. The composition of claims 1 or 2. wherein polymer (1) is a polyalkylene polyamine/epihalohydrin resin. 
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4. The composition of claim 3. wherein the polyalkylene polyamine has the formula H2N((CH2)mNH)„- 
(CH2)mNH2, where n Is an integer from 1 to 6 and m Is an integer from 2 to 8. 

5. The composition of claims 1 or 2. wherein polymer (1) Is a polyamidoamlne/epihalohydrin resin. 

5 

6. The composition of claim 5, wherein the polyamldoamlne Is made from (a) a polyalkylene polyamine 
having the formula H2N((CH2)mNH)n(CH2)mNH2 where n is an integer from 1 to 6 and m is an integer 
from 2 to 8. and (b) an aliphatic dicarboxylic acid having the formula H00C(CH2)yC00H, where y is an 
integer from 3 to 5. 

10 

7. The composition of claim 8, wherein the polyamldoamlne is made from diethylenetriamlne and adipic 
acid. 

8. The composition of any of the preceding claims, wherein polymer (2) is made from a polyamine and a 
75 compound that introduces a carboxylic acid group at the secondary amine groups of the polyamine. 

9. The composition of claim 8, wherein the polyamine is a polyalkylene polyamine. 

10. The composition of claim 9, wherein the polyalkylene polyamine has the formula M2N((CH2)mNH)n- 
^ (CH2)mNH2 where n Is an integer from 3 to 6 and m Is an Integer from 2 to 8. 

11. The composition of claim 8, wherein the polyamine Is a polyamldoamlne. 

12. The composition of claim 11, wherein the polyamldoamlne is made from (a) a polyalkylene polyamine 
25 having the formula H2N((CH2)mNH)n(CH2)mNH2 where n is an Integer from 1 to 6 and m Is an integer 

from 2 to 8. and (b) an aliphatic dicarboxylic acid having the formula H00C(CH2)yC00H where y is an 
integer from 3 to 5. 

13. The composition of claim 12, wherein the polyamldoamlne is made from diethylenetriamlne and adipic 
30 acid. 

14. The composition of claims 11 to 13, wherein the polyamldoamlne Is modified by reaction with less than 
a stoichiometric amount of an epihalohydrin, based on the content of secondary amine groups in the 
polyamldoamlne. 

35 

15. The composition of any of the preceding claims, wherein the epihalohydrin Is epichlorohydrln. 

16. Use of the composition of any of the preceding claims for making wet strengthened paper by treating 
an aqueous suspension of papermaking fibers with the composition. 
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